STAIRS 


U3&3 


LJj| »<■) LO t_> J^uluo <j^O JjJJ <dbLo Cjl_L?^jL (JLfil — 

Lot I s.L>^JL» ^5:; SjLc-j La-uLc- j jx^^J I H^LSloV 


(one way or cantilever solid slab ) 



ojLfrj (13—16 cm) iy> (rise)^^\ 

(26-30 cm) (> (going) ^Uo! ( 15cm) 

• (30cm) HjLc-j 

( )L ) oJL>>l ^J! <jlUI _9 CjU. jjJI ^j-o JJLC- ^a5T - 


difference between levels 

No. of steps= 

Rise height (0.15) 

Length of stair=No. of steps * 0.30 



_>Lwo>. ^ tgy ) 1 t (_£-i ^ JLosIImjG (joJI fjJb (f s ) (j 1 Jtz>- V 

•Jaii JLc^V! 
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B1 



B1 


Structural Plan 
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Systems of Stairs used in ordinary buildings 


Type( 1) 
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1 -Slabs 


Calculate t s 
t av =t s + 7cm 

vjsu = 1 • 4[t Y c +F. C.]~h 1 . 6L.L. 

HI s 

Wsu=1 .4[t av Y c +F. C. ]+ 1 .6L.L.cosQ 

in. 


Strip (1 ) 


R 


( W sv)in. 

A- 

Li f 

n f 
; 



( w s )m. 

A — 

j * — t 


2 kN/m 


JLblo ^ULil IUoj-S, 


M 

B.M.D. 


M 

B.M.D. 


^ des . M 

d=t^-20mm 


M des = M cos0 
d=t^-20mm 


•JuAiillj JjJI cJ^au-J diljj simple span\j£\ 
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2— Beams 

b, ,b; 


b 2 ,b z 



R—Sec. 

A_> jlo Oj-clT 


8 


w 2 =o.w.+ R 2 

w 2 — Y c b(t—t s )*1 .40+ R 2 


L—Sec. 


C.L. - C.L.n 
B — 6t s +b 




K Jk +b 


10 


5 , ,B. 



A 



L-Sec. 

Sec.(l-I) 




w 3 =o.w. + walls 
w 3 '=o.w. + walls+Ri 
w 3 " =o.w.+walls+S 3 

iL 

W4 =o.w+waUs+R 2 + S 4 





1 1 1 1 1 1 1 1 1 1 1 1 1 





' ' ' ' ' ' ' ' ' ' ' 




1 

Xh 

cq 

1 



Continous Beam. 

W4 

A i 1 A 


w 5 =o.w.+walls+R 2 



w 5 


A A 
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Type(2) 



B3JB3' 



Type(3) 





B1 oj E l I ilJjj 3*3* A B3* Vuj Post {** 

jjdJI iJUgUJLO <_> JmAJUO 


B4 





r 

i 

i 

i 

i 

i 

Wk 


'i 



i 

i 

1 

B5\ 

i 

i 

i 





i 

i 

i 

i 

i 

i 

i 

i_ 

YM, 


i 

i 


strip( 1 ) 


w c 



strip(2) 


B4 - ' °/i2 

A 

B1 ' strip(3) B5 
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B1 ' 


B5 




Type( 4) 



Wt y 


-tlr |»jj |<J 


I- 


B3 


B5 


B2 





Type( 5) 



Air 


Air 
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Example 1:— Show How to solve this stair 


Arc. 



■ 

Landing ^ 










= ^ — = 




=5> — 


-fo 


t. 


•5 s 




fc. 













1mm 



Plan 



(0.00) 



Structural Plan 




By Eng. Ezz El-Din Mostafa & Eng. Yasser M. Samir 


Example 2:— Show How to solve this stair 
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Example 3:— Show How to solve this stair 



i i 



Structural Plan 



™ s . 

m 




strip(3) 
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Another Solution 



i i 


i i 



Example 4:— Show How to solve this stairs 



Case 1 : — 



Case 2: — 
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Case 1 : — 



Alternative solution 





in 


i — b — |J2_, — b 1 

II II 
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strip(3) 


zs 1111 s strip( 3 ) 

[Rl kN/m 

L./2 L./2 L 9 L 1 /2 L 1 /2 
I 1 I 1 I 2 I 1 I 1 I 

fl/A 



Case 2: — 



Alternative solution 





mi 


i — h — 1_^_, — h. 1 



( 0 . 00 ) 



I^jtT^p(2j zz El-Din Mostafa & Eng. 


strip( 3 ) 


s 1111 s strip( 3 ) 

| Rl lcN/m 

L./2 L./2 L 9 L i /2 L./2 
I 1 I 1 I 2 I 1 I 1 I 

RiAt t 
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Example 5:— Show How to solve this stair 


Arc. Plan 



Structural Plan 




Example 6:— Show How to solve this stair 


Arc. 


Plan 



Structural Plan 


wl 





hz 





B 

*777) 777/ 


R kN/m' 
strip(2) 








B 

V7Z V77? 


R kN/m ' 
strip ( 1 ) 


w, 


s in 




strip( 4 ) 
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s in 



FT 

strip (3) 


M. Samir 


Another Solution 


Structural Plan 


t t r t r 

i i i i i 
i i i i i 
i i i i i 


i 









« R JcN/m' 

1 1 i i i i i i i i 

Beam ( B ) 
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Example 7:— Show How to solve this stair 
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Example 8:— Show How to solve this stair 



( 0 . 00 ) 


( 0 . 00 ) 
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Another solution 


(o.oo) 


Structural Plan 


(o.oo) 



w. 


s in 


r 


strip( 1 ) 


R1 kN/m 


R2 kN/m 
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Example 9: — 


The following figure show the general layout of stair cases (each step 300x150), proceed 
with the following : 

1— Complete design including all slabs and their supporting beams 

2- Draw to a convenient scale the details of reinforcement of the stair and the supporting 
beams in plan & sections. 


F. C. = 1 .5 OkN/m 2 
L.L. =3. 0 OkN/m 
f cz T 25 N/mm 2 


Steel used 360/520 
O.w of beam=4. OkN/m 



0 = 29.75 




777777 


////// 

(+3.00) 








(+4.20) 


/ 

/ 

/ / 

/\ 

S\ 

/[ 


Solution 



1 —slab thickness 


for Cantilever slab SI 


t s = 


15 


+20= 2 W? +20=153. 33mm 


15 


for Cantilever slab S2 



Lc , Dn—2000 
_ 15 15 


+20= 1 53. 33mm 


Take t s =16 cm (check deflection) 


t av =t s + 7 = 23 cm 
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2— Calculation of load 


For Landing : — 

w shz = 1 • 4[t/1 c +F.c.]+1 . 6L. L. kN/m 2 

w shz = 1 .4[0. 16*25+1 .50]+ 1 .6*3.00 
w shz = 12.50 kN\m 2 
For Flight : — 

w sin = 1 • 4[tsav +F. c. ]+ 1 . 6L.LcosQ kN/m 2 
w sin =1.4 [0.23 *25+ 1.50]+ 1.6* 3. 00 *cos(29. 75 ) 
w sin =1 4.32 kN\m 2 


—Design of sections 
Strip (1 ) : — 


25kN.m 



25 kN/m' 


12.50kN/m 
~r~r~rr 

2. Om 


/ i i i i i i i i i i i i i i i 


Sec(l-I) 

M u i=25. OOkN.m Sc B=1 000mm Sc d= 1 60—20=1 40mm 


1 m-r 25.00*1 0 6 
140 ~ C i 1/ 1000*25 


25.00*10 

As 0.813*140*360 


C 1 =4.43 Sc J =0.8 13 


=610.13 mm/m' 


,4 S =5 <H> 13/m 
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Sec(l-I) 



M u i=28.64kN.m Sc B=1 000mm Sc d=230 mm 


230=0 1 rfooVis Cl =6 - a & J=0 - 826 


28.64*10 

0.826*230*360 


=418.76 mrn/m' 


A s /step — 41 8.76*0.3 — 125.63 mrr?/step. 
A s =2 c/f> 1 0/step 

—Design of Beam 


W1 



-y 




vr. 


V* 


r/ = 4*1 .4+25=30.60 kN/m' 

W2 - 4*1 .4+28.64=34.24 kN/m' 

S4.93kN.rn 


& 






144.02kN.m 


1 65.75kN.m 


144.02kN.m 
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oS'-jLH 



Take b = 400 mm 


1 —from bendings d=3. 5j 1 0 =45 1 . 00 mm 


d=500 mm 


2— from Torsion 


t =d+ 50 mm =550 mm 


3M 4 


b 2 t 


tu o xr/ 2 3*84.64*10 

tu =2 N/mm 


400 2 * t 


6 

= 2.00 


t =793.5 mm 


Take t = 800 mm 


Take Beam = C 400 x 800 ) 
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Design for shear+ Torsion: 


= £u_ = 102.61*10 3 

q su bd 400*750 
q =0.342 N/mm 2 

S\Jb 


— Mtu 

q tu - 1 . 7AoK te 

A oh =(400-50)(800-50) 

A . =262500mm 2 

oh 

P h =2 [350+ 750 ]=2200mm 

t. = 4 — =11 9.32mm 
Ph 

84.64*1 0 6 

q tn 1 .7*262500*1 19.32 

q tu =1.59 N/mm 2 


q cu =0.24^25/T~5 =0.98N/mm i 
q u =0. 70<[25/L5 =2.86N/mm 2 

u max V 


q tu =0. 06 J 25/1. 5=0. 24N/mm 2 

min ' 


q 2 + q z =. (0.34) +(1.59) =1.63 N/mm 2 < q (ok) 

SU tu v U. 


max 


(Design for Torsion) 
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_ M tu .S 


A str f 

1.7A 0 A) 


% 


[ str 


84.64*10 ( 


1 .7*262500*360/1 .15 


= 0.606 
S 

2 

assume A str =<ff>1 0=78. 5mm 


78.5 


= 0.606 


S=1 29.54 mm > 100 mm 


No. of stirrup s/m — 100® — 7 . 72 


Take stirrups 8<pi0/m (2 branches) 


A sL =f4r r )*(P h )*( -%*-) 


° ^l.b. 

360 

A sL =0.606*2200*-—- 
SL 360 


= 1333.2mm 2 


A s l 1 333. 2 ooo o 2 

— : — — : =333.3 mm 
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Design for B.M. 


Sec(l-I) (L -sec) 

6*0.16+0.4=1.36 m 

C.L. — C.L. =2. 0+0. 2=2. 20m 
1 *6 42 

' +0.40=1. 04m 

B=1 040mm Sc d=800-50mm=750mm Sc =165.75 kN.m 


n <- n _ r i 1 65.75*1 0 6 
750 ~ C i l/ 1040*25 


C 1 =9.4 


* J =0.826 


A 165.75*10° 
s 0.826*750*360 


=743.21 mm* 


A = LI 

s min f y 


bd = 


360 


400*750 =91 6.67mm* > A, 


A s .= 

mvn 


-+l—bd = -+1— 400*750=91 6.67mm 2 
f v 360 

1.3A =1 .3*743.21 =966.1 73mm 2 

s 

req 

— — bd = — — 400*750=450. 00mm 2 
100 100 


A, =91 6.67mm 2 

min 

■^s =.i4 s ~h — — 

total (B.M.) 4 

=916.67+333.3=1250.0 mm 2 


18 
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Sec(2—2) (R —sec) 


b=400mm Sc d=800—50mm=7 50mm Sc M =54.93 JcN.m 

U 


750=C 1 


54. 93*1 0 6 
400*25 


54.93*10 


0.826*750*360 


C 1 =10.12 Sc J =0.826 


=2 46. 3 Omm 


A „ = bd = 1.L 400*750 =916.67mm z > 


mvn 


fy 


360 


A 


s min 


-f-f—bd = 400*750=91 6.67mm 2 

fy 360 

1.3A =1 .3*246.30=320.20 mm 2 

s req 

— — bd = — — 400*750=450. 00mm 2 
100 100 


^4 S =450. 00mm 

min 

A s = A s 4 + Afp 

total S (B.M.) 4 

=450. 00+ 333. 3=783. 30 mm 2 


[ s =4 dpi 6 

total _ 
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Details of R.F.T. for the beam 






7' 


01 
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Details of R.F.T. for Stair 


Example 1 0: — 


The following figure show the general layout of stair cases (each step 300x150), proceed 
with the following i 

1 — Complete design including all slabs and their supporting beams 

2— Draw to a convenient scale the details of reinforcement of the stair and the supporting 
beams in plan & sections. 


F.C. = 1 .5 OkN/m 2 
L.L. =3. 00kN/m 2 1 

f c% T 25 N/mm 2 
Steel used 360/520 
O.w of beam— 4. OkN/m 



0 = 29.75 

1 —slab thickness 


y — 

s 



777777. 

yyyyy/. 

(+3.00) 








(+4.20) 

/ 

m 

/ 

7 

C 7 

(■ 

y m 

— 7 ' 


Solution 



for one way slab SI 


. L 400 
l s- 25 - 25 


= 1 6cm 


for one way slab S2 


, L 400 

25 25 


= 1 6cm 


Take t s =16 cm 


t av =t s + 7 = 23 cm 
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2— Calculation of load 


For Landing : — 

w shz = 1 • IftsYc +F.c.]+1 . 6L. L. kN/m 2 

w shz = 1 .4[0. 16*25+1 .50]+1 .6*3.00 
w shz = 1 2.50 kN\m 2 
For Flight : — 

w sin = 1 • 4[tsav +F. c. ]+ 1 . 6L.LcosQ kN/m 2 
w sin =1.4 [0.23 *25+ 1.50]+ 1.6*3. 00 *cos(29. 75 ) 
w sin 4.32 kN\m 2 

—Design of sections 
Strip (1 ) : — 


8.33 kN.m 


8.33 kN.m 



1 2. 5 OkN/m 


jrrTT 

M M M M 

llll 

A 

4. Om 

A 


25 kN/m 


Sec(l-I) 

M u i=25. 00 kN.m Sc B=1 000mm Sc d=1 60— 20=1 40mm 


un-r 25.00*1 0 6 
140 ~ C i 1 / 1000*25 


25.00*10 

As 0.82*140*360 


C 1 =4.43 Sc J=0.82 


=607.58 mm/m' 


A s =6 12/m 
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Strip (2) : — 



1 4. 32kN/m 


4.0m 

kN/m' 

oJa >jpJLe - 

|*jxJ I (jl 1 %JbU <Lld^jL (jJ ^ll9t «L> Oj dyO ^JjAII SJuk lib lit Jo>V 

JaJUo gbbo jjfc£ dJJjJ JbJLdJI oUot JSLo j 



Sec(l-I) 

M u i=28. 64JcN.m Sc B=1 000mm Sc d=1 60— 20=1 40mm 
Mdes=28. 64cos 0 =24.87 kN.m 



140=C 1 


24 .87*1 0 6 
1000*25 


24.87*1 0 6 
s 0.82*140*360 


C 1 =4.44 Sc J=0.82 
=604.20 rnrri/m' 



=6 <jf> 12/m’ 
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C" 


V 


■^r 
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Details of R.F.T. for Stair 



